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INITIAL PULL DOWN CONTROL FOR A MULTIPLE 
COMPRESSOR REFRIGERATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a control system for a multiple 
compressor refrigeration or air conditioning system. Specifically, the present 
invention relates to a control system that determines when to start additional 
compressors in a multiple compressor refrigeration or air conditioning system during 
an initial pull down operation of the refrigeration or air conditioning system. 

» * 

[0002] In a refrigeration system that uses a chilled liquid, the chilled liquid is 
circulated through a building or area to remove heat from the building and cool the 
building. When cooling is no longer required in the building, the refrigeration system 
is shut down and the previously chilled liquid that cooled the building is permitted to 
warm to ambient or close to ambient temperatures. When cooling is again required in 
the building, the temperature of the liquid to be circulated through the building has to 
be pulled down from an elevated temperature to the appropriate operating setpoint 
temperature for effective cooling of the building. This process of chilling the liquid 
that is circulated in a building from an elevated temperature to the operating setpoint 
temperature is commonly referred to as a pull down operation. 

[0003] In a multiple compressor refrigeration or chiller system, it is common to 
cycle the compressors in order to match the chiller system capacity to the building 
cooling load. Some techniques used to evaluate and control chiller system capacity 
can include comparing the leaving chilled liquid temperature, i.e., the temperature of 
the liquid from the evaporator used to cool the building, to a desired operating 
setpoint temperature and/or comparing the compressor motor power to the maximum 
compressor motor power. Both of these techniques can be effective to provide 
adequate control of the chiller system when the chiller system is operating in a steady 
state mode. However, these techniques may provide a false indication of the need for 
additional chiller system capacity during a pull down operation. For example, during 
a pull down operation the difference between the leaving chilled liquid temperature 
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and the operating setpoint temperature is often large, which large difference in 
temperatures would indicate the need for additional system capacity even though the 
currently operating compressor(s) may provide more than enough system capacity for 
the building cooling load. This false indication can occur when the currently 
operating compressors have not yet had time to pull down the leaving chilled liquid 
temperature to the operating setpoint temperature. 

[0004] Some potential problems with having too much chiller system capacity 
during a pull down operation include the possibility of overshooting the operating 
setpoint temperature and the possibility of frequent cycling on and off of the 
compressor motors. An overshoot of the operating setpoint temperature occurs when 
the leaving chilled liquid temperature continues to decrease past the operating setpoint 
temperature. If the leaving chilled liquid temperature becomes too low, the liquid in 
the evaporator may start to freeze which can reduce system efficiency and potentially 
cause damage to the chiller system. The frequent cycling on and off of compressor 
motors is also undesirable because it results in greater energy consumption by the 
chiller system. Furthermore, in very large chiller systems using very large chiller 
motors, there may be limits placed on the starting of the compressor motors, which 
limitations can result in a compressor not being started even though there is a demand 
for additional chiller system capacity. One example of where a motor may not be able 
to be started can occur when an additional compressor is cycled on for the pull down 
operation, is cycled off once the operating setpoint temperature has been reached, and 
then is needed to be cycled on again for steady state operation of the chiller system to 
satisfy the building cooling load but cannot be cycled on because of a limitation on 
the number of starts of the compressor motor. 

[0005] Therefore, what is needed is a control algorithm that can determine when a 
current compressor configuration in a multiple compressor refrigeration or chiller 
system is inadequate to pull down the leaving chiller liquid temperature to the desired 
operating setpoint temperature and can start an additional compressor in the multiple 
compressor refrigeration system to assist in the pull down of the leaving chiller liquid 
temperature to the desired operating setpoint temperature without unnecessary cycling 
of the additional compressor. 
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SUMMARY OF THE INVENTION 

[0006] One embodiment of the present invention is directed to a method for 
determining when to start additional compressors in a multiple compressor chiller 
system during a pull down operation of a leaving chilled liquid temperature in the 
multiple compressor chiller system. The method includes the step of measuring a 
parameter of a multiple compressor chiller system. The measured parameter is related 
to a leaving chilled liquid temperature of the multiple compressor chiller system. The 
method also includes the steps of calculating a rate of change of the measured 
parameter of the multiple compressor chiller system and comparing the calculated 
measured parameter rate of change with a predetermined rate of change for the 
measured parameter. Finally, the method includes the step of starting an additional 
compressor in the multiple compressor chiller system in response to the calculated 
measured parameter rate of change being less than the predetermined rate of change 
for the measured parameter. 

[0007] Another embodiment of the present invention is directed to a method for 
controlling a pull down operation of a secondary liquid leaving an evaporator in a 
multiple compressor refrigeration system from an elevated temperature to a setpoint 
temperature. The method includes operating a predetermined number of compressors 
in a multiple compressor refrigeration system in response to a temperature of a 
secondary liquid leaving an evaporator in the multiple compressor system being 
elevated. The operation of the predetermined number of compressors pulls down the 
temperature of the secondary liquid leaving the evaporator toward a setpoint 
temperature. Next, a parameter of the multiple compressor system related to the to 
the temperature of the secondary liquid leaving the evaporator is measured and a rate 
of change of the measured parameter is determined. The determined measured 
parameter rate of change is compared with a predetermined rate of change for the 
measured parameter and an additional compressor in the multiple compressor 
refrigeration system is operated in response to the determined measured parameter 
rate of change being less than the predetermined rate of change for the measured 
parameter. The operation of the additional compressor assists the predetermined 
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number of compressors in pulling down the temperature of the secondary liquid 
leaving the evaporator toward the setpoint temperature. 

[0008] Still a further embodiment of the present invention is directed to a 
computer program product embodied on a computer readable medium and executable 
by a microprocessor for determining when to start additional compressors in a 
multiple compressor chiller system during a pull down operation of a leaving chilled 
liquid temperature in the multiple compressor chiller system. The computer program 
product includes computer instructions for executing the step of measuring a 
parameter of a multiple compressor chiller system. The measured parameter is related 
to a leaving chilled liquid temperature of the multiple compressor chiller system. The 
computer program product also includes steps for executing the steps of determining a 
rate of change of the measured parameter of the multiple compressor chiller system 
and comparing the determined measured parameter rate of change with a 
predetermined rate of change for the measured parameter. Finally, the computer 
program product includes computer instructions for starting an additional compressor 
in the multiple compressor chiller system in response to the determined measured 
parameter rate of change being less than the predetermined rate of change for the 
measured parameter. 

[0009] One advantage of the present invention is that it extends the refrigeration 
or chiller system's service life by limiting the number of starts of the compressor 
motors of the refrigeration system. 

[0010] Another advantage of the present invention is that it can provide energy 
savings and avoid overshoot of a setpoint temperature by conducting the pull down 
operation at an appropriate rate. 

[0011] Other features and advantages of the present invention will be apparent 
from the following more detailed description of the preferred embodiment, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, the 
principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 illustrates schematically a refrigeration system of the present 
invention. 

[0013] Figure 2 illustrates a flow chart of the pull down control algorithm of the 
present invention. 

[0014] Figure 3 illustrates a graph of the leaving chilled liquid temperature versus 
time in two examples. 

[0015] Wherever possible, the same reference numbers will be used throughout 
the drawings to refer to the same or like parts. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] A general multiple compressor refrigeration system to which the invention 
can be applied is illustrated, by means of example, in FIG. 1. As shown, the HVAC, 
refrigeration or liquid chiller system 100 has two compressors, but it is to be 
understood that the system 100 can have more than two compressors for providing the 
desired system load. The system 100 includes a first compressor 108, a second 
compressor 110, a condenser 112, a water chiller or evaporator 126, and a control 
panel 140. The control panel 140 can include an analog to digital (A/D) converter 
148, a microprocessor 150, a non-volatile memory 144, and an interface board 146. 
The operation of the control panel 140 will be discussed in greater detail below. The 
conventional HVAC, refrigeration or liquid chiller system 100 includes many other 
features that are not shown in FIG. 1 . These features have been purposely omitted to 
simplify the drawing for ease of illustration. 

[0017] The compressors 108 and 110 compress a refrigerant vapor and deliver it 
to the condenser" 112. The compressors 108 and 110 are preferably connected in a 
common refrigeration circuit, i.e., the refrigerant output by the compressors 108 and 
110 is combined into a single circuit to travel through the system 100 before being 
separated again for re-input into the compressors 108 and 1 10 to begin another cycle. 
The combination of the refrigerant output of the compressors 108 and 1 10 preferably 
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occurs in the condenser 1 12, but can occur upstream of the condenser 1 12. Similarly, 
the separation of the refrigerant input to the compressors 108 and 110 preferably 
occurs in the evaporator 126, but can occur downstream of the evaporator 126. In 
another embodiment of the present invention, the compressors 108 and 110 are 
connected in parallel refrigeration circuits that share a common evaporator 126 and 
condenser 112 for heat exchanging purposes, i.e., the refrigerant output by each 
compressor 108 and 1 10 travels through the system 100 in a separate circuit and is not 
combined with the refrigerant output of the other compressor. 

[0018] The compressors 108 and 110 are preferably centrifugal compressors, 
however the compressors can be any suitable type of compressor including screw 
compressors, reciprocating compressors, scroll compressors, rotary compressors or 
other type of compressor. The refrigerant vapor delivered to the condenser 1 12 enters 
into a heat exchange relationship with a fluid, preferably water, flowing through a 
heat-exchanger coil 116 connected to a cooling tower 122. The refrigerant vapor in 
the condenser 112 undergoes a phase change to a refrigerant liquid as a result of the 
heat exchange relationship with the fluid in the heat-exchanger coil 116. The 
condensed liquid refrigerant from condenser 1 12 flows to an evaporator 126. 

[0019] The evaporator 126 can include a heat-exchanger coil 128 having a supply 
line 128S and a return line 128R connected to a cooling load 130. The heat- 
exchanger coil 128 can include a plurality of tube bundles within the evaporator 126. 
A secondary liquid, which is preferably water, but can be any other suitable secondary 
liquid, e.g. ethylene, calcium chloride brine or sodium chloride brine, travels into the 
evaporator 126 via return line 128R and exits the evaporator 126 via supply line 128S. 
The liquid refrigerant in the evaporator 126 enters into a heat exchange relationship 
with the liquid in the heat-exchanger coil 128 to chill the temperature of the liquid in 
the heat-exchanger coil 128. The refrigerant liquid in the evaporator 126 undergoes a 
phase change to a refrigerant vapor as a result of the heat exchange relationship with 
the liquid in the heat-exchanger coil 128. The vapor refrigerant in the evaporator 126 
then returns to the compressors 108 and 1 10 to complete the cycle. While the above 
fluid flow configurations of the refrigerant and other fluids in the condenser 112 and 
evaporator 126 are preferred, it is to be understood that any suitable fluid flow 
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configuration for the condenser 1 12 and evaporator 126 can be used for the exchange 
of heat with the refrigerant. 

[0020] To drive the compressors 108 and 110, the system 100 includes a motor or 
drive mechanism 152 for the first compressor 108 and a motor or drive mechanism 
154 for the second compressor 110. While the term "motor" is used with respect to 
the drive mechanism for the compressors 108 and 1 10, it is to be understood that the 
term "motor" is not limited to a motor but is intended to encompass any component 
that can be used in conjunction with the driving of the compressors 108 and 1 10, such 
as a variable speed drive and a motor starter. In a preferred embodiment of the 
present invention the motors or drive mechanisms 152 or 154 are electric motors and 
associated components. However, other drive mechanisms such as steam or gas 
turbines or engines and associated components can be used to drive the compressors 
108 and 110. 

[0021] In a preferred embodiment of the present invention wherein compressors 
108 and 110 are centrifugal compressors, there are preferably one or more pre- 
station vanes or inlet guide vanes that control the flow of refrigerant to the 
compressors 108 and 110 and are positioned at the input or inlets to the compressors 
108 and 110 from the evaporator 126. Actuators are used to open the pre-rotation 
vanes to increase the amount of refrigerant to the compressors 108 and 110 and 
thereby increase the cooling capacity of the system 100. Similarly, the actuators are 
used to close the pre-rotation vanes to decrease the amount of refrigerant to the 
compressors 108 and 110 and thereby decrease the cooling capacity of the system 
100. 

[0022] The system 100 also includes a sensor 160 for sensing the temperature of 
the leaving chilled liquid from the evaporator 126. The sensor 160 is preferably in the 
chilled secondary liquid flow, at the outlet pipe or supply line 128S from the 
evaporator 126. However, the sensor 160 can be placed in any location that provides 
an accurate measurement of the leaving chilled liquid temperature (LCHLT). A 
signal, either analog or digital, corresponding to the LCHLT is then transferred over a 
line 162 from the sensor 160 to the control panel 140. In another embodiment of the 
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present invention, the sensor 160 can measure the temperature or pressure of the 
refrigerant within the evaporator 126, which refrigerant temperature or pressure is 
related to the LCHLT. 

[0023] In one embodiment of the present invention, the sensor 160 for measuring 
the LCHLT is preferably a temperature thermistor, however, other types of 
temperature sensors may also be employed. The thermistor provides a resistance that 
is proportional to the temperature. The resistance from the thermistor is then 
converted to a voltage signal, using a resistor divider connected to a voltage source or 
any other suitable technique for generating a voltage. The voltage signal is then 
transferred over line 1 62 to the control panel 140. 

[0024] If necessary, the signal input to control panel 140 over line 162 is 
converted to a digital signal or word by A/D converter 148. The digital signal (either 
from the A/D converter 148 or from the sensor 160) is then input into the control 
algorithm, which is described in more detail in the following paragraphs, to generate a 
control signal for starting a motor of one of the compressors. In another embodiment 
of the present invention, if the sensor 160 is not measuring the LCHLT, then the 
appropriate parameter measured by the sensor 160 such as evaporator temperature or 
pressure is input into the control algorithm. The control signal for starting one of the 
compressors is provided to the interface board 146 of the control panel 140 by the 
microprocessor 150, as appropriate, after executing the control algorithm. The 
interface board 146 then provides the control signal to the motor and compressor to be 
started in the chiller system 100. 

[0025] Microprocessor 1 50 uses a control algorithm to determine when to start an 
additional compressor and motor in the system 100 during a pull down operation. In 
one embodiment, the control algorithm can be a computer program having a series of 
instructions .executable by the microprocessor 150. The control algorithm determines 
during a pull down of the LCHLT, whether to start an additional compressor of the 
system 100 or whether to keep the system 100 in its current operating state. While it 
is preferred that the control algorithm be embodied in a computer program(s) and 
executed by the microprocessor 1 50, it is to be understood that the control algorithm 
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may be implemented and executed using digital and/or analog hardware by those 
skilled in the art. If hardware is used to execute the control algorithm, the 
corresponding configuration of the control panel 140 can be changed to incorporate 
the necessary components and to remove any components that may no longer be 
required, e.g. the AID converter 148. 

[0026] In addition to using the control algorithm to determine whether to start an 
additional compressor of the system 100 during a pull down of the LCHLT, the 
microprocessor 150 also executes additional control algorithms to control the "steady 
state" or normal operation of the system 100, i.e., the LCHLT is maintained in a 
temperature band about a predetermined setpoint temperature to satisfy load demands. 
During both the pull down operation and the normal operation of the system 100, one 
of the compressors is designated as the "lead" compressor and the other compressor is 
designated as the "lag" compressor. The designation of a compressor 108 and 1 10 as 
the lead compressor or the lag compressor can be dependent on several factors or 
goals such as equalizing compressor run time, or the capacity of the compressors. In 
addition, the designation of the lead compressor and the lag compressor can be 
changed periodically with no affect on the operation of the control algorithm. In the 
following description, the first compressor 108 will be designated as the lead 
compressor and the second compressor 110 will be designated as the lag compressor. 

[0027] Figure 2 illustrates the pull down control algorithm of the present 
invention for determining when to bring on or start additional compressors in a 
multiple compressor refrigeration system during a pull down operation. The process 
for determining when to bring on or start additional compressors in a multiple 
compressor refrigeration system during a pull down operation will be described in the 
context of the refrigeration system 100 illustrated in Figure 1, however, it is to be 
understood that the process could be applied to any multiple compressor system, 
including a system with more than two compressors. In response to the activation or 
starting of the system 100 from an idle or off state, the process begins by activating or 
starting the first or lead compressor 108 at step 202. 
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[0028] After the first compressor 108 has been started in step 202, the compressor 
108 is evaluated in step 203 to determine if the compressor 108 is in a normal loaded, 
regular or steady state operating condition, i.e., the compressor 108 is no longer 
operating in a starting or warm-up mode of operation. It is to be understood that the 
steady state or normal loaded operating condition for the compressor 108 is different 
from the steady state operation of the system 100 discussed above. In a preferred 
embodiment of the present invention, the compressor 108 is considered to be in a 
normal loaded operating state or condition upon the expiration of a predetermined 
"warm-up" time period. The predetermined warm-up time period for the compressor 
108 can range from 1-5 minutes and is preferably 3 minutes, but can be any suitable 
time period necessary for the compressor 108 to reach a normal loaded operating 
state. If the compressor 108 has not reached a normal loaded operating state in step 
203, the process returns to before step 203 (possibly with a time delay) and the 
compressor 108 is again evaluated in step 203 to determine if the compressor 108 has 
reached a normal loaded operating state. Once the compressor 108 has reached a 
normal loaded operating state, the leaving chilled liquid temperature (LCHLT) is then 
measured in step 204. While the measurement of the LCHLT is preferred in step 204, 
it is to be understood that other parameters can be measured instead of the LCHLT, 
e.g. the temperature or pressure of the refrigerant in the evaporator 126, or other 
similar parameter. 

[0029] In another embodiment of the present invention, the compressor 108 can 
be determined to be in a normal loaded operating state in step 203 by measuring an 
operating parameter of the compressor 108 instead of waiting for the expiration of the 
predetermined time period. For example, the amount of motor current used by the 
compressor motor or the positioning of any pre-rotation vanes of the compressor 108 
can be measured and used to determine that the compressor 108 has reached a normal 
loaded operating state. The compressor can be considered to be operating in a normal 
loaded operating state when the measured motor current is equal to or greater than a 
predetermined current level, e.g. 100% of the full load current or the allowable motor 
current, or when the measured position of the pre-rotation vanes is equal to or more 
open than a predetermined position, e.g., a fully open position. 
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[0030] In still another embodiment of the present invention, step 203 can occur 
after the measurement of the LCHLT in step 204 shown in Figure 2. In this 
embodiment, if the compressor 108 is determined to be operating in a normal loaded 
operating state, the process would then continue or resume at the point immediately 
after where step 203 was conducted. However, if the compressor 108 is not operating 
in a normal loaded operating state, the process would return to step 204 for another 
measurement of the LCHLT and the process steps would be repeated until the 
compressor 108 is determined to be operating in a normal loaded operating state in 
step 203. 

[0031] Referring back to Figure 2, the measured LCHLT from step 204 is 
compared to an LCHLT setpoint temperature in step 206. The LCHLT setpoint 
temperature is the temperature of the leaving chilled liquid that is used for steady state 
operation of the system 100 and can be determined based on a variety of factors 
including the type of secondary liquid used by the system 100 and the size of the load 
130 to be cooled. If the measured LCHLT is within a predetermined offset amount of 
the LCHLT setpoint temperature in step 206, then the pull down process ends and a 
steady state operation of the system is started. The predetermined offset amount can 
be between 1-5 degrees and is preferably 2 degrees. In other words, the LCHLT has 
to be within 1-5 degrees and preferably 2 degrees of the LCHLT setpoint temperature 
for the pull down process to end, i.e., the temperature difference between the 
measured LCHLT and the LCHLT setpoint temperature is less than between 1-5 
degrees and is preferably less than 2 degrees. If the measured LCHLT is not within 
the predetermined offset amount of the LCHLT setpoint temperature, the pull down 
process continues at step 208. 

[0032] In another embodiment of the present invention, if the refrigerant 
temperature or pressure in the evaporator 128 is being measured instead of the 
LCHLT, then the' setpoint for the refrigerant temperature or pressure would be based 
on the refrigerant temperature or pressure that occurs during steady state operation of 
the system 100. In addition, the predetermined offset amount for this embodiment 
would be a corresponding value of refrigerant temperature or pressure that 
corresponds to the predetermined offset amount for the LCHLT. 
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[0033] In step 208, the rate of change of the LCHLT (ALCHLT) is determined. 
To determine the ALCHLT, the LCHLT has to be sampled at predetermined sampling 
intervals. This sampling process preferably involves the repeating of step 204 and 
possibly step 206 at the predetermined sampling interval. The predetermined 
sampling interval can range from a few seconds to a few minutes depending a variety 
of factors including the size of the system 100 and the desired amount of control 
precision. In a preferred embodiment of the present invention, the predetermined 
sampling interval is 1 minute. The ALCHLT is preferably determined by subtracting 
the current LCHLT measurement from the prior LCHLT measurement and then 
dividing by the predetermined sampling interval. For example, if the current LCHLT 
measurement is 55 degrees, the prior LCHLT measurement is 56 degrees, and the 
predetermined sampling period is 1 minute, then the ALCHLT would be (56 degrees - 
55 degrees) / 1 minute or 1 degree per minute. In some embodiments it may be 
necessary to wait for a predetermined time period ranging from one sampling period 
to several sampling periods to expire before a ALCHLT can be determined for use in 
the pull down process. This waiting time period may be necessary if the system 100 
has not yet entered a consistent mode of operation. 

[0034] In another embodiment of the present invention, instead of using the 
ALCHLT, the rate of change of the temperature difference between the LCHLT and 
LCHLT setpoint temperature (ATD) can be used. The LCHLT would still be sampled 
at the predetermined sampling interval, but then the LCHLT would be compared to 
the LCHLT setpoint temperature (similar to the comparison in step 206) to obtain the 
temperature difference between the LCHLT and LCHLT setpoint temperature. The 
(ATD) can then be determined by subtracting the current temperature difference from 
the prior temperature difference and dividing by the predetermined sampling interval. 

[0035] The ALCHLT (or the ATD) is then compared with a predetermined 
minimum rate of change value in step 210. The predetermined minimum rate of 
change value can range between 0.5-2 degrees per minute and is preferably 1 degree 
per minute. It is to be understood that a different time interval results in a different 
amount for the temperature value. Furthermore, the predetermined rate of change can 
vary based on the system size and the desired system performance. In another 
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embodiment of the present invention, if the temperature or pressure of the refrigerant 
in the evaporator 128 is being used instead of the LCHLT, then the predetermined 
minimum rate of change value would be a corresponding rate of change value of 
refrigerant temperature or pressure that corresponds to the predetermined rate of 
change value for the LCHLT. 

[0036] If the ALCHLT is greater than the predetermined minimum rate of change 
value, then the process returns to step 204 and awaits the expiration of the 
predetermined time interval, if necessary, because the first compressor is able to 
adequately pull down the LCHLT. If the ALCHLT is less than the predetermined 
minimum rate of change value, then the process continues to step 212. In step 212, it 
is determined if a predetermined minimum ALCHLT time period has expired. The 
predetermined minimum ALCHLT time period can range from 1-20 minutes and is 
preferably 5 minutes. In step 212, it is determined if the ALCHLT has been less than 
the predetermined rate of change for the predetermined minimum ALCHLT time 
period. If the ALCHLT has been less than the predetermined rate of change for the 
predetermined minimum ALCHLT time period, then the second or lag compressor is 
started in step 214 to provide additional capacity for pulling down the LCHLT and the 
process returns to step 204. Otherwise, the process returns to step 204 and awaits the 
expiration of the predetermined time interval, if necessary, to determine if the first 
compressor can adequately pull down the LCHLT before the predetermined minimum 
ALCHLT time period has expired. 

[0037] In another embodiment of the present invention, the amount of motor 
current used by the compressor motor can be measured and used in the pull down 
control process of the present invention in conjunction with the ALCHLT evaluation 
of steps 208-212. In this embodiment, steps 208-212 would be completed as 
described above, but the second or lag compressor would not be started in step 214 
until a determination is made that a predetermined setpoint current level for the 
compressor motor is larger than a predetermined amount, e.g. 50% of full load 
current. During normal loaded operation of the compressor 108, the amount of 
current provided to the compressor motor is limited to a predetermined setpoint 
current level for appropriate operation of the compressor 108. The predetermined 
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setpoint current level can be any value in the range of 30% to 100% of the full load 
current and is preferably 100%) of the full load current. 

[0038] While the above process has been described with respect to two 
compressors, it can be applied to refrigeration or chiller system utilizing more than 
two compressors. When more than two compressors are used, the process step 214 
described above would be modified to start the next compressor in the compressor 
starting sequence. Thus, when the process returns to step 204, the process may be 
repeated until all of the compressors in the refrigeration or chiller system have been 
started. 

[0039] To further illustrate the operation of the present invention, the graph in 
Figure 3 illustrates two possible pull down scenarios. The line CI illustrates a 
multiple compressor refrigeration system scenario wherein a single compressor is not 
adequate to pull down the LCHLT to the desired temperature (T SE tpoint) and the line 
C2 illustrates a multiple compressor refrigeration system scenario wherein a single 
compressor is adequate to pull down the LCHLT to the desired temperature 
(Tsetpoint). As can be seen in Figure 3, both the CI and C2 systems start at time 0 
with the LCHLT being an ambient temperature (Tambient). Next, during the first time 
period (tl) the CI and C2 systems are operating in the warm-up time period as 
described above with respect to steps 202 and 203. At the start of the second time 
period (t2) the ALCHLT for the CI and C2 systems is calculated as described above 
with respect to steps 204-208. The slopes of lines CI and C2 during t2 correspond to 
the ALCHLT for the CI and C2 systems. The duration of t2 can correspond to either 
one predetermined sampling interval or to the predetermined time period necessary to 
obtain a consistent ALCHLT for the C 1 and C2 systems. 

[0040] At the expiration of t2, the ALCHLT for the CI and C2 systems is 
compared to the predetermined rate of change as described above with respect to step 
210. In the CI system, the ALCHLT is less than the predetermined rate of change and 
in the C2 system the ALCHLT is greater than the predetermined rate of change. Thus, 
for the C2 system, the C2 system is operated with only a single compressor for the 
third time period (t3) and the fourth time period (t4) until the LCHLT is less than the 
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predetermined offset amount of the LCHLT setpoint temperature (Toffset) at the end 
of t4. It being understood that the ALCHLT is continually being checked according to 
the process described above with respect to Figure 2. However, for the CI system, 
the ALCHLT is monitored during t3 as described above with respect to step 212. The 
duration of t3 preferably corresponds to the minimum LCHLT rate time period. 

[0041] At the expiration of t3, the ALCHLT for the CI system is again compared 
to the predetermined rate of change as described above with respect to step 210. The 
ALCHLT is still less than the predetermined rate of change in the CI system. Thus, a 
second compressor is started in the CI system as described above with respect to step 
214. The CI system is then operated with two compressors for t4 until the LCHLT is 
less than the predetermined offset amount of the LCHLT setpoint temperature 
(Toffset) at the end of t4. 

[0042] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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